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PROBLEM TO BE SOLVED: To produce a terbium aluminum garnet single 
crystal which is a good crystal having a certain form and is grown in such a state 
that the degree of crystallization of a melt in a crucible is high. 
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SOLUTION: The method for producing the terbium aluminum garnet single 
crystal is a crystal down method, which comprises providing a nozzle at the lower 
end of a crucible 3 and crystallizing a melt in the crucible 3 by pilling down the 
melt from the tip end of the nozzle. In this method, the whole melt 6 can be 
crystallized and the obtained crystal is uniform over the whole. 
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1 .This document has been translated by computer. So the translation may not 

reflect the original precisely. 

2.**** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1J The terbium aluminum garnet single crystal with which a chemical 
formula is set to 3(TbX and RE1-X) aluminum 5012, and the rare earth elements 
RE in said chemical formula are any one or more of Lu, Yb, Tm, and the Er(s), 
and are characterized by setting the range of x to 0.8<=x<=0.96. 
[Claim 2] The terbium aluminum garnet single crystal according to claim 1 
characterized by setting rare earth elements RE to Lu, and setting the range of x 
to 0.85<=x<=0.96 in a chemical formula in said terbium aluminum garnet single 
crystal. 

[Claim 3] The terbium aluminum garnet single crystal according to claim 1 
characterized by setting rare earth elements RE to Yb, and setting the range of x 
to 0.85<=x<=0.93 in a chemical formula in said terbium aluminum garnet single 
crystal. 

[Claim 4] The terbium aluminum garnet single crystal according to claim 1 
characterized by setting rare earth elements RE to Tm, and setting the range of x 
to 0.85<=x<=0.91 in a chemical formula In said terbium aluminum garnet single 
crystal. 

[Claim 5] The terbium aluminum garnet single crystal according to claim 1 
characterized by setting rare earth elements RE to Er, and setting the range of x 
to 0.8<=x<=0.9 in a chemical formula in said terbium aluminum garnet single 
crystal. 

[Claim 6] The manufacture approach of the terbium aluminum garnet single 
crystal characterized by preparing a nozzle in a crucible soffit, and reducing and 
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crystallizing the melt in a crucible from a nozzle head. 
[Claim 7] The manufacture approach of the terbium aluminum garnet single 
crystal according to claim 6 characterized by manufacturing the single crystal 
which uses a terbium aluminum garnet single crystal according to claim 1 to 5 as 
a principal component. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a terbium aluminum garnet single 
crystal suitable as Faraday rotator for optical isolators, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] Although production with the solution grown method 
(abbreviated name: LPE law) which a substrate crystal is stuck [ grown method ] 
to the melt in a crucible of a supercooling condition, and grows up a crystal into 

the front face in the shape of film was known about training of a terbium 

aluminum garnet (abbreviated name: TAG) single crystal, the practical bulk-like 
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crystal was not produced. 

[0003] Drawing 2 is a state diagram in Tb203-aluminum 203. It is reported that it 
is the difficulty of acquiring the same crystal presentation as a melt presentation 
also from the state diagram in Tb203-aluminum 203 of drawing 2 (reference; 
Cryst.Res.Technol., 34(1999) 5-6, p 615-619). 
[0004] 

[Problem(s) to be Solved by the Invention] That is, in the revolution Czochralski 
method (abbreviated name: CZ process) most generally as the manufacture 
approach of a terbium aluminum garnet single crystal used, since a melt 
presentation changes and a crystal growth rate becomes small as crystal training 
progresses, it is required to enlarge whenever [ making / small /-raising rate and 
supercooling / of melt ]. 

[0005] This serves as conditions with it difficult [ to raise the good-quality crystal 
of a fixed configuration to stability ]. Usually, with such crystal growth, the rate of 
crystallization of the melt in a crucible is small, and about 30% or less of melt 
stops at the ability to crystallize. 

[0006] Therefore, the object of this invention is the good-quality crystal of a fixed 
configuration, and is offering the terbium aluminum garnet single crystal which 
grew in the condition the rate of crystallization of the melt in a crucible being 
large, and its manufacture approach. 
[0007] 

[Means for Solving the Problem] In this invention, the terbium aluminum garnet 
single crystal is manufactured by the reduction method. A reduction method is an 
approach of obtaining the single crystal of the shape of a fiber which prepares a 
nozzle in the center of a crucible bottom, sticks seed crystal to the melt which 
flows out of the head, and has a cross-section configuration almost equal to the 
appearance at the head of a nozzle. 

[0008] Since it being easy to obtain the small good-quality crystal of heat 
distortion from a crystal being thin and the cooling.rate are large, the effective 
segregation coefficient of an additive from the descriptions, such as being close 
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to 1 Current, 012 (abbreviated name: YAG), the 203-/YAG eutectic object of Nd 
dope Y3aluminum5aluminum, It is used for many crystal production, such as 
silicon, (reference; example 1: Japanese Patent Application No. No. 98327 [ten 
to ], an applicant, Japan Science and Technology Corporation, example 2:J.of 
Crystal Growth, 204 (1999) 155-162). 

[0009] In the reduction method, although, as for some training crystals, the 
transparence crystal was obtained when a TAG single crystal was produced from 
TAG melt, other parts were difficult for carrying out single crystal growth of the 
whole melt including inclusions etc. during a crystal. 
[0010] Since single crystal production which was in agreement with the melt 
presentation is difficult even when the reduction method the effective segregation 
coefficient of melt each component is set to about 1 is used, it is thought that Tb 
cannot exist in stability in aluminum garnet structure in the location of 8 
coordination. Then, it performed adding and raising 50RE3aluminum12 melt (RE 
being rare earth elements) as a means to obtain the melt from which a melt 
presentation does not change in connection with crystal growth. 
[0011] It turned out by adding any one or more of Lu, Yb, Tm, and the Er(s) as 
rare earth elements RE that an aluminum garnet crystal achieves stable growth. 

■ 

In addition, it turned out that the proper value from which an addition and 
crystalline relation are investigated about each element, crystal growth is 
stabilized to each, and a good-quality crystal is obtained exists. It was judged 
from the configuration of a training crystal, and crystalline observation that the 
proper addition of Lu to the amount of Tb is [ Yb / 4 - 1 5% and / Tm / 7 - 1 6% 
and ] 10 - 20% of range about 9 - 18% and Er. 

[0012] It is thought that the proper value of the ionic radius of 8 coordination atom 
exists although aluminum garnet structure is maintained at stability. That is, it is 
thought that Tb ionic radius (R8: about 100 pm(s)) is large compared with the 
proper value, and garnet structure becomes instability. In garnet structure, the 
segregation coefficient of 8 coordination rare earth elements with which ionic 
radii differ changes with the ionic radii, and the relation of the segregation 
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coefficient of each element from the melt to an ionic radius to under a crystal is 
similar to the convex quadratic function (reference; Materials Science and 
Engineering, R20 (1997) 281-338). 

[0013] It has a segregation coefficient equivalent to Tb ion to aluminum garnet 
structure, the rare earth elements RE with an ionic radius smaller than Tb ion are 
selected, and it is thought that it becomes possible by adding RE3aluminum 
5012 to Tb3aluminum 5012 to maintain aluminum garnet structure at stability. 
As a result, Lu, Yb, Tm, and Er were selected, by adding optimum dose by the 
presentation of RE3aluminum 5012, the single crystal with a presentation 
equivalent to a melt presentation was obtained, and the effective segregation 
coefficient 1 was realized. 

[0014] In addition, it was difficult to check the existence of the crystal phase of 
plurality [ addition ] of garnet structure and a perovskite structure to optimum 
dose, about each element, when few, and for a crystal presentation and a lattice 
constant to be fixed when there are many additions, and for there to be nothing, 
and for crystal form-like control to become instability, and to obtain a good-quality 
single crystal. 

[0015] That is, this invention is a terbium aluminum garnet single crystal which 
sets a chemical formula to 3(TbX and RE1-X) aluminum 5012, is any one or 
more of Lu, Yb, Tm, and the Er(s) about rare earth elements RE, and sets the 
range of x to 0.8<=x<=0.96 in said chemical formula. 

[0016] Moreover, this invention is a terbium aluminum garnet single crystal which 

sets rare earth elements RE to Lu, and sets the range of x to 0.85<=x<=0.96 in a 

chemical formula in said terbium aluminum garnet single crystal. 

[0017] Moreover, this invention is a terbium aluminum garnet single crystal which 

sets rare earth elements RE to Yb, and sets the range of x to 0.85<=x<=0.93 in a 

chemical formula in said terbium aluminum garnet single crystal. 

[0018] Moreover, this invention is a terbium aluminum garnet single crystal which 

sets rare earth elements RE to Tm, and sets the range of x to 0.85<=x<=0.91 in 

a chemical formula in said terbium aluminum garnet single crystal. 
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[0019] Moreover, this invention is a terbium aluminum garnet single crystal which 

sets rare earth elements RE to Er, and sets the range of x to 0.8<=x<=0.9 in a 

chemical formula in said terbium aluminum garnet single crystal. 

[0020] Moreover, this invention is the manufacture approach of a terbium 

aluminum garnet single crystal of preparing a nozzle in a crucible soffit, and 

reducing and crystallizing the melt in a crucible from a nozzle head. 

[0021] Moreover, this invention is the manufacture approach of a terbium 

aluminum garnet single crystal of manufacturing the single crystal which uses the 

terbium aluminum garnet single crystal of a publication as a principal component 

at either which was indicated previously. 

[0022] 

[Example] The terbium aluminum garnet single crystal by the example and its 
manufacture approach of this invention are explained below. 
[0023] (Example 1) Drawing 1 is the explanatory view of the crystal reduction 
method of the terbium aluminum garnet single crystal by the example of this 
invention. Each raw material formulation was adjusted for the addition of 20Lu3 
raw material in 0 - 20% of range using the oxidization terbium (chemical formula: 
Tb 407) raw material of 99.99% of purity, and the aluminum oxide (chemical 
formula: aluminum 203) of 99.999% of purity and the oxidization lutetium 
(chemical formula: Lu 203) raw material of 99.99% of purity. 
[0024] What carried out wet blending of this formulation, and was dried was used 
as the last raw material, it supplied to Ir crucible, and the fiber-like crystal was 
raised using the usual crystal reduction furnace as shown in drawing 1 . A 
crucible configuration is about 45mm in the diameter of about 15mm, and height, 
about 45 degrees of configurations of a crucible bottom incline, the 500-600- 
micrometer nozzle is opening them at the head, and the part with a flat head is 
2mm in abbreviation diameter. 

[0025] That is, the seed crystal head was stuck to the melt which flows out of a 
nozzle head, and the fiber-like crystal was raised, pulling down seed crystal at 
the rate of 0.5 - 1.0 mm/min. Training was performed in Ar ambient atmosphere 
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and the quantity of gas flow was taken as 0.002m3/min. 
[0026] In 20Lu3 addition, the good crystal was able to be obtained in 4 - 15% of 
range. Especially, in 7 - 12% of range, a crystal form-like controllability and 
crystallinity were good, and could crystallize the whole melt in a crucible, and the 
crystal with the transparent whole was obtained. 

[0027] Although control of a crystal appearance was stabilized when 20Lu3 
addition was less than 4%, not a single phase but when it became opaque and 
20Lu3 addition exceeded 15% conversely, the shape of crystal form of the 
crystal was fixed, and there was nothing, diameter fluctuation was large, and the 
transparent part was not observed. 

[0028] (Example 2) Each raw material formulation was adjusted for the addition 
of 20Yb3 raw material in 0 -25% of range using the oxidization terbium 
(chemical formula: Tb 407) raw material of 99.99% of purity, and the aluminum 
oxide (chemical formula: aluminum 203) of 99.999% of purity and the oxidization 
ITTORIBIUMU (chemical formula: Yb 203) raw material of 99.99% of purity. 
What carried out wet blending of this formulation, and was dried was used as the 
last raw material, it supplied to Ir crucible, and the crystal was raised on the same 
means and same conditions as an example 1 . 

[0029] In 20Yb3 addition, the almost good crystal was able to be obtained in 7 - 
16% of range. Especially, in 9 - 14% of range, a crystal form-like controllability 
and crystallinity were good, and could crystallize the whole melt in a crucible, and 
the crystal with the transparent whole was obtained. 
[0030] An addition and the relation of a crystal training situation showed the 
same inclination as the case of Lu 203 of an example 1. That is, although control 
of a crystal appearance was stabilized when 20Yb3 addition was less than 7%, 
not a single phase but when it became opaque and 20Yb3 addition exceeded 
16% conversely, the shape of crystal form of the crystal was not fixed, its 
diameter fluctuation was large, and the transparent part was not observed. 
[0031] (Example 3) Each raw material formulation was adjusted for the addition 
of 20Tm3 raw material in 0 - 25% of range using the oxidization terbium 
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(chemical formula: Tb 407) raw material of 99.99% of diameter purity, and the 
aluminum oxide (chemical formula: aluminum 203) of 99.999% of purity and the 
thorium-oxide (chemical formula: Tm 203) raw material of 99.99% of purity. What 
carried out wet blending of this formulation, and was dried was used as the last 
raw material, it supplied to Ir crucible, and the crystal was raised on the same 
means and same conditions as an example 1 . 

[0032] In 20Tm3 addition, the almost good crystal was able to be obtained in 9 - 
18% of range. Especially, in 1 1 - 16% of range, a crystal form-like controllability 
and crystallinity were good, and could crystallize the whole melt in a crucible, and 
the crystal with the transparent whole was obtained. 

[0033] 20Tm3 addition and the relation of a crystal training situation showed the 
same inclination as the case of Lu 203 of an example 1 . That is, although control 
of a crystal appearance was stabilized when 20Tm3 addition was less than 9%, 
not a single phase but when it became opaque and 20Tm3 addition exceeded 
18% conversely, the shape of crystal form of the crystal was not fixed, its 
diameter fluctuation was large, and the transparent part was not observed. 
[0034] (Example 4) Each raw material formulation was adjusted for the addition 
of 20Er3 raw material in 0 - 25% of range using the oxidization terbium (chemical 
formula: Tb 407) raw material of 99.99% of diameter purity, and the aluminum 
oxide (chemical formula: aluminum 203) of 99.999% of purity and the oxidization 
erbium (chemical formula: Er 203) raw material of 99.99% of purity. What carried 
out wet blending of this formulation, and was dried was used as the last raw 
material, it supplied to Ir crucible, and the crystal was raised on the same means 
and same conditions as an example 1 . 

[0035] In 20Er3 addition, the almost good crystal was able to be obtained in 10 - 
20% of range. Especially, in 12 - 18% of range, a crystal form-like controllability 
and crystallinity were good, and could crystallize the whole melt in a crucible, and 
the crystal with the transparent whole was obtained. 20Er3 addition and the 
relation of a crystal training situation showed the same inclination as the case of 
Lu 203 of an example 1 . 
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[0036] That is, although control of a crystal appearance was stabilized when 
20Er3 addition was less than 10%, not a single phase but when It became 
opaque and 20Er3 addition exceeded 20% conversely, the shape of crystal form 
of the crystal was not fixed, and the transparent part with large diameter 
fluctuation was not observed. 

[0037] As mentioned above, as explained, according to this invention, by the 
usual training approach, it became producible [ an aluminum garnet single crystal 
with the terbium aluminum garnet structure production was difficult structure J. 
Furthermore, since the TAG system single crystal which is excellent in a property 
as a rotator of a light wave range light isolator was obtained comparatively easily, 
much serious effectiveness was accepted - it was shown that utilization can do 
the isolator for light wavelength regions. 
[0038] 

[Effect of the Invention] As mentioned above, according to this invention, the 
terbium aluminum garnet single crystal which is a good-quality crystal of a fixed 
configuration, and grew in the condition that the rate of crystallization of the melt 
in a crucible is large, and its manufacture approach can be offered. 
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[Brief Description of the Drawings] 

[Drawing 1 J The explanatory view of the crystal reduction method by the example 
of this invention. 

[Drawing 2] Tb203-aluminum20 tri-state drawing. 
[Description of Notations] 

1 Quartz Tube 

2 Heat Insulating Mould 

3 Crucible (Ir) 

4 Crucible Support Fixture 

5 Coil for Induction Heating 

6 Melt 

7 Training Crystal 

8 Arrow Head : the Crystal Training Direction (the Direction of Reduction) 
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JMSAtJ J: V-f-«>«a*tt*ltflW-4 £ kTife 4 . 
[00071 

[SSS£JK&-f-&*:tf>co^&] *»»Ji?li. 9l§Ttf^ 

CfcOf^t'^ • t/ws-^a • ^r-*«y h#^Ai 
[0008] SA^«Iv^£ bfrh . flia^hSv^jUl 

h'-7*Y 3 AlgO, 2 YAG) , Alj Og 

nTV^6 (#^;0H1: m®*n 0-98327#, 
aiPA. f4^t«515»93ia, M2 : J .of Crystal Gr 
owth. 204(1999)155-162) , 

[00 09] 9l6T»ftttC43V^r» TAGKffl»»^TA 
G#^A*#iU-1-i.^. WB^A^-®J±. SWA 

a BBS^S-^JSAWfi!^* £ k 

[0010] a^jR^seafi^fflBR^iK 1 1** 

Af^!WitV>£k*»f). T/PS-^A^-*^ bWt 
izte v >r T b ijt 8 EiSi <7)(aS iz&mzmEX- * =5: ^ k % 
tbtiZ. -?•£•?, feA^^^^TSfiBaa^^L 
«:^SU8E*4»&#l5i: LT. RE 9 A 1 5 O, 2 Hllg_ 
(RE(i#dJi7n5R-CJ>6) *1sajLXyt&?Z>Zk*ft 

[00 11] *±J®7C5gREkUTLu, Yb. Tm, 

Ercovvma^^LkS-flais^fc-e. t^s-^a 
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btfftfr'yti. TbJIKittl.Lu^)aiEJS!ntB:ii:4~ 
1 5%, YbfcOWn3:7~l 6%, Tmfcr?VYttt9 
~18%> *L!CErfcOVt"OilO~-2 0%OttHT 

[ 0 0 1 2 ] 7;US— ^Atf— *y r-*8igi&3?j£t;:#o 
Sli&JKf ^4 ;fy4MlO^&#?FGE-f 6 k# 
i.4»h.<&. BPt», Tb>f;fy¥g (R8:»1O0p 

^^ztchtSJbtih. #-*<yMS3ifc:iJvvt % 4* 

3&fc:3SH6lL'CV>i> ; Materials Science end Engi 

neerlns,R20(1997)281-338) . 
[ 0 0 1 3 3 T/t'S-'^tf-*"* MHaitettbTTb 

Vj:D*$v*ft±?^C38RESr8£U Tb 3 Al 5 0 
i 2 KRE 3 Al 5 0, 2 SriD^^.-rt-C, T^S- 1 ? 

htli.mmtVX. Lu. Yb. Tm, ErfcjSJg 

U RB3AI5O1 2 <0fflR!cTSfiSrJniS.ri:T, 
ffiSltfUJSSft*:. 

[ 0 0 1 4 3 £*k ^-jcagCov^JKSPS^a^Mt 

r^v^ji, hWkk^uy**)* him 

[00 151 Hte. *R!R2.-fl8Mfr (Tb x % RE 
i-x ) 9 A 1 5 o, 2 k U 1MBfc*a*>4»"e» ^6 

±]®7C3iSRE£Lu. Yb. Tm, E r 0)\ vffr*»— 0 
IjLhTftOs x^JffljrO. 8£x£0.9 6 

[ 0 0 1 6 3 *JW!UU mier;wt'^A • r;u$ 

LukL, iV=&&$X'. x^EHSrO. 8 5^x^0. 
9 6 k-rs^t'^x, • r^^-^-A • #— 

[00173^^, fne^t-^A • 7)us. 

YbtU fc3*3«<0+t\ x^RIi0.85Sxs;0. 
9 3 k-T&x/l'b'^A • TVUS— «>A • MS 

[00181**, tBE^^A • T/v$ 

TmtU fl^Wl'T, xcO«SH*0. 85^x^0. 
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9 1 fc-f SfVl'tr^is • TA'S-^A • *y 
At'*)*. 

[00191 ^fc, *%mi^ miar^t*'7A • 7^5 

-Tt?A • #-*y V vvt, #±S7G&RE£ 

ErkU it^t^X\ xn&m* 0.8£x£0. 9 

[0020] itz, ;l>y tfTigte/X'l'fciS 

[00 2 13 4 fc, *&BJ!kL *(cKttUfcV^*HC 
[00223 

[00233 (HSfifll 1 ) 0 1«. *W!80»6WKJ: 
Sr/Wb'^A • 'fA • XT— ^ y h#^H%^ft 

?[ &T*m«Oift B >10-C*>S . *&K 9 9 . 9 9 %«Ufli-f 
^t*^A(-(b^5t:Tb 4 O v >lg?|k, ttffi9 9.9 9 
9%WK'(LT;U£~'>A(fl:^: : A 1 2 0 3 )k*fiS9 
9.99 %£)8tfb/l''7 ! "?*'^A : L u 2 0 3 ) 

?rfflv%, l u 2 o 3 myxomas. * 0 ~ 2 0 %tf>®H-e 

[0 0 24 3 C^H-&%5rS^^L%»L^i^S:S 
^ia^kt, I r;^yrff(c*&AU> @l{c^-tJ;?=5r)i 

7t. )W#mmi. it^Jl 5mm, iS$^4 5mm 

0 0~6 0 0jumWyX/^<ii8VvC*5 , 5\ ife*VF« ! Sr 

Si5Wil<jaS2mmt'ftl.. 
[ 0 0 2 5 3 HP ;X)l9fflfrhffi£^hMWZ.W& 
ffijfc«i8*3£H\ Si^ft S 0.5—1. Omtn/m i n<0>2 

^^iArSla»•C^fV^. ^S5ft{i0.0 0 2m3/m 

1 nk Lit. 

[00 2 63 Lu 2 0 3 ^IDfiTlis 4~1 5%^S5ffl 
•C^SOfeft^SikA^'^^. 7~12%^) 
Kffl-Cfi. &M&mW&&i.V&8&.t^z&'&X'. 

)vvxnvmm&w*&&\tx'% , ^w^^^ft^ 

[0027lLu 2 O 3 fefina^ 4 %5fe>t<7)^- . feft 

k=3r»?, a»(-Lu 2 0 3 mufLffl 5%$rSi.l>^ 

li, <sft^tt**-S"c«i< . mzsmtms < s aw* 

[00283 {$mm2)mC9 9.9 9%0)mt7-Jl' 
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(fl^sS : T b 4 0 7 )JH^a. f*j£99.9 99 
%<r>8HtT)V$-VMttm& : A 1 2 0 3 ) k*€&9 
9.99 %<T>W(A v V 'J b'^i»(-(fcS^ : Yb 2 0 3 ) 
«8iJBl\ Yb 2 O 3 «««aaitfl*0^2 5XWK 

C 0 0 2 9 ) Yb 2 0 3 aarafiTJi, 7— 1 6%OSffl 

[00301 »MfcliawifcR^lWM** gffiffll 1 

<0Lu 2 o 3 o%SfcR»offif*]£*Lrt:. W*. Yb 

2 o 3 aan*a«7x*ai*>*a. »iWHw>iwwi3Be 

tSJtii#-ffl-C* < , t & 0 . Y b 
2 0 3 jftiifttfl 6%5rS£S*&«. 

[00 3 13 <StMSW3)Ba*fiK9 9.9 9XOKMK 
T/Pt'^AHfcTsS: Tb 4 0 7 IS&9 9.9 

9 9 % WSHUT^ 5 A : A I 2 O 3 > t ttft 

9 9.9 9%<!0iHt;Vy^^('fk^: ^"12 0 3 )JRR 
fc«V\, Tm 2 O 3 ig$U0S!dlQfiS:0-~ 2 5%<0«EHT 
#*0>JKH8teWfcfllKU:. ^WtS^SrS^lS-^t 

MM l fc RSfc>¥W J: W^T***W*l* . 

[0 0 3 2] Tm 2 0 3 SS3D*Ttt, 9~18%W$Bffl 
■C. ««^<0ttft Wfc, 1 l- 

[ 0 0 3 3 ] Tm 2 0 3 a^fcitAYjttKffiaMff 

tt, SlifcWIOLua 0 3 O^fcHIIU9flM]&*t 

Tm 2 o 3 aama^9%*^^%&s 

ICTm 2 o 3 ttDiift#<i8K*jB;i£*6U:« 

[0034] (Se»«4>mBMK9 9.9 9XOilft 

: Tb-4 0 7 )m\t . UK 9 9 . 9 
9 9%«)IWtr*'$=*>A(flSej<: Al 2 0 3 )tMUS 
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9 9.9 9%0»toWt*?i>(€^ : E r 2 0 3 )JS 
ft*m\\ Er 2 0 3 Mft«9»lfi£0~2 5%O&ffl 

[0035] Er 2 0 3 SS3mSr«, 10~20%OiE 
fflT. «KJW*>l6ft*»* 12 

K&ikW'&ktit:. E r 2 0 3 a«nfti:l&IIWS#81^ 
Nffitt, HigWiwLu 2 o 3 <ni$&tW8t<nm\*TF 
Itc. 

[0036] Wh. E r 2 0 3 jeflttfti* 1 0 %*StC9*S 

i ttrt»tt#-J&C«r< . < 

[0037] Oh, KML&J: 5 C, J:*itf . 

vMm&nimtwmt*-?*:. see, TOXKMift 

7-f V V- ROBUST fc l/CWtt*>«V*TAG**lt 
[00381 

[01 ] «W«Sai^fcJ:4tt*3l*Tlf?6<0lW!B 
[02] Tb 2 0 3 -A 1 2 0 3 «HS0. 



1 




2 




3 


IWX ( I r ) 


4 




5 




6 


SIM 


7 




8 





01/26/2086 15:14 



7036371499 



KEATING & BENNETT 



PAGE 61/82 



!(5) 001-2 26196 (P2001-226196A) 



mi] 



[02] 



O 
O 
O 
O 
O 
O 

o 




1950 



p 1850 
m 1 750 



1650 





4 


> 






* 


/ 
J 




• 


, ^ 








ft « 






1 





0.2 



0.4 

Tb203$9^tt;$ 



0.6 



